Introduction
Although economists disagree on many contemporary issues in economics, there is a strong consensus that the primary source of long run economic growth is productivity growth. The theoretical underpinnings of such a perspective have been bolstered by the empirical record of the twentieth century, which has witnessed remarkable productive increases not only in manufacturing but also in the other industries of the world's economies. The contribution of factor accumulation, especially capital, in this productivity increase was quite significant at least until the 1970s, as labor productivity was substantially enhanced via capital accumulation. Productivity growth in most of the developed world, however, has slowed since the 1970s, a time at which IT investment was accelerating worldwide. Observed Nobel Laureate Robert Solow (1987) in The New York Times (12 July 1987) a decade later, "we could see the computer age everywhere but not in the productivity statistics." The slowdown in US productivity growth in the mid-1970s and the widespread adoption of computers, whose price/cycle were dropping at exponential rates, were observed simultaneously (Van Reenen et al., 2006; Hulten, 2001) . Productivity growth picked up again, especially in the 1990s, and since that time productivity levels have trended to levels that stand at record highs, both in manufacturing and in many other industries. This development has been mainly attributed to the production and widespread use of Information and Communication Technologies (ICT). There is a broad consensus of governmental agencies and academic researchers that widespread usage of ICT has had a profound impact on the level of productivity.
The contribution of ICT to labor productivity and growth was not clear until the mid-1990s. By the end of the nineties, however, the studies exploring the ICT-productivity relations reached almost the same conclusion that ICT was quite important in the U.S. growth resurgence observed especially in the second half of the 1990s (see for example; Oliner and Sichel, 1994; Stiroh, 2002; Jorgenson et al., 2008; Van Ark et al., 2008) .
Studies estimating productivity and quantifying the impact of ICT on productivity growth in the economies of the world are widespread. In Turkey, however, the studies examining the ICT impact on both output and productivity are quite limited. The main purpose and novelty of this paper is to explore the impact of ICT on output and productivity growth in Turkish manufacturing. This is very important as the extent of the effects of ICT utilization and production on firm's output and productivity growth in Turkish manufacturing is quite limited, even though the widespread usage of ICT at the firms operating in both manufacturing and in other industries is evident.
Moreover, due to increased economic importance of ICT in Turkey, proper measurement of its impact is crucial for effective policy making.
In this study, we first use growth accounting method to assess the differences between conventional and ICT capital in contributing to value added growth. We also apply an econometric methodology in estimating the production function and quantifying the effect of ICT capital on labor productivity in Turkish manufacturing. We estimate firm level production functions by means of panel data estimation methodologies applying both fixed-effects and Generalized Method of Moments (GMM) models. We evaluate the intensity of ICT and its impact of productivity using The paper is organized as follows: Section 2 surveys the theory and empirical literature on the relations between output growth, productivity and ICT. The next section introduces the data set used in exploring the impact of ICT on productivity and briefly puts forward the methodology used to calculate conventional and ICT capital stock. Section 4 first provides a brief statistical analysis where output growth is decomposed into the factor input contributions and then develops the econometric analysis and provides the findings on the impact of ICT on productivity in Turkish manufacturing industry. Finally, Section 5 concludes after a short discussion of the key results from this study and evaluates the policy implications.
Productivity and the Turkish ICT/Productivity Nexus
Productivity as a measure of the efficiency of production is defined as a ratio of output to inputs used in the production. Labor productivity defined as the ratio of output/value added to the number of workers or of hours worked is a commonly used partial measure of productivity. Widespread utilization of labor productivity is due in part by its ease of implementation, especially in developing countries where data collection protocols make total factor productivity measurement difficult to assess. Total factor productivity (TFP), also called multi-factor productivity, is another and better measure of productivity. TFP obtained as the residual from a production function is said to be a measure of productivity that accounts for the output increase not attributable to the factors of production.
The methodologies available for productivity estimation are distinguished based on several criteria. A primary criterion involves the level of aggregation and whether the researcher is concerned with aggregate (countries/regions/industry) productivity, or productivity of micro units (firm/plant).
2 Aggregate studies can be distinguished by the role TFP has in explaining growth dynamics and differences in economic performance across countries. This literature rests largely on the Solow growth theory and typically measured by the Solow residual. This growth accounting methodology has been used to estimate TFP at both aggregate and sector level and dates back to the 1950s (Abramovitz, 1956; Solow, 1957) . Although, in Solow's (1957) seminal work, only the inputs of capital and labor were considered, the role of other factors such as human capital accumulation on output growth was recognized by subsequent studies (see for example, Mankiw et al., 1992) .
One of the extensions proposed by Jorgenson and Griliches (1967) to growth accounting methodology was to highlight possible errors of aggregation due to differences in the quality of inputs. This problem is also related to the error caused by aggregation of different investment goods by simply adding together their quantities. Therefore, Del Gatto et al. (2008: 964) suggest that an appropriate index of capital services should be constructed by treating each investment good as a separate commodity because of the fact that there are new forms of capital. Thus, including new and improved measures of factors of production is necessary to qualify the differences in input quality. This extension to growth accounting is also important because we witness the alteration in the relative contribution of factor accumulation and technological progress to productivity due to "IT revolution" since 1990s 3 .
Given the importance of productivity in the process of economic growth and the positive impact of ICT on productivity, much research effort has been devoted to address the impact of ICT on productivity growth. Empirical studies adopted different methodologies to examine the relationship between ICT and firm performance using firm level data. The first was to use ICT capital stock as a separate capital input in TFP calculation (Brynjolfsson and Hitt, 2001; Hempell, 2002 There are some studies calculating TFP growth for the Turkish economy (Saygılı et al. (2001 (Saygılı et al. ( , 2005 , Altuğ and Filiztekin (2006) , Altuğ et al. (2008) and Ismihan and Metin-Özcan (2008) Altuğ and Filiztekin (2006) found that the contribution of TFP growth to output growth becomes positive in Turkish economy only in the post-1980 period.
Regarding the manufacturing sector in Turkey, there has been a considerable number of studies dealing with productivity (see for example, Krueger and Tuncer, 1982; Yıldırım, 1989; Aydoğuş, 1993; Gökçekuş, 1997; Zaim and Taşkın, 1997; Taymaz and Saatçi, 1997) . There is a list of studies that measure changes in TFP and in its components (technical efficiency) in the Turkish manufacturing industry at the regional level Karadağ, et al., 2005) and for different ownership structures, namely public and private (Zaim and Taşkın, 2001) . These studies also differ in their methods of computing productivity (Önder et al. (2003) use stochastic production frontiers, whereas Karadağ, et al. (2005) utilize data envelopment analysis). On the other hand, empirical studies at the plant level investigate productivity changes during increased trade openness and participation in international activities over the period 1984-2000 (see for example, Özler and Taymaz et al., 2009 ). These studies conclude that after 1988, TFP followed an upward trend until 1993, with an average growth rate of 5% per year, before it completely stalled after the 1994 economic crisis.
To the best of our knowledge, there seem to be only one study that analyzes the productivity of the Turkish ICT sector, but only for consumer electronics. examine the evolution of automobile and consumer electronics industries and the role of macroeconomic policies since the 1980s in order to explain the factors behind the export performance of these sectors. They find that while consumer electronics industry reflects productivity growth above the average after the mid-1990s, productivity growth performance of Turkish automobile industry turns out to be equal to the average growth of manufacturing.
The Data Characteristics
The analysis in this research is based on the Annual Industry and Service Statistics Database obtained from Turkish Statistical Institute (TURKSTAT). This database covers all manufacturing firms employing 19+ workers and provides firm level information on many firm-specific variables.
We used the 4-digit industry level deflator with 2003 as the base year obtained from TURKSTAT to make the variables measured in monetary values real.
Developing a measure of the stock of capital, K, is a challenging exercise because the capital stock variable is not available in the data set but as is typical, the firm's investment and depreciation allowances are. Since the database contains only information on investment, capital stock series are constructed by using the perpetual inventory method. The methodology used proxies the capital stock of the initial year by using the yearly amortization allowances from the Turkish Statistical Institute questionnaire.
Letting K, INV, and d stand for capital, investment and depreciation rate 4 respectively, the capital stock is measured as follows:
To estimate ICT and non-ICT (conventional) capital stock series from investment data separately, we calculate the share of ICT and non-ICT investment in total investment. ICT investment includes office and computing equipment and communication equipment and software investment. The initial capital stock of ICT and non-ICT series are proxied by calculated shares of depreciation allowances. Finally, given the deflated investments and shares of depreciation allowances for different types of capital, we apply the perpetual inventory method to obtain the capital stocks for ICT and non-ICT capital.
[ Table 1 about here] Table 1 constituted the largest share in our sample (52%) whereas the share of high-tech manufacturing firms is only 1.7 percent.
[ Figure 1 about here] Figure 1 demonstrates the average of the share of ICT capital and non-ICT capital in total capital structure for the firms in our sample according to their sectoral classification. The share of ICT capital in total capital is higher than that of non-ICT capital in most of the manufacturing sectors except the manufacture of beverages, leather and related products, chemicals and chemical products, fabricated metal products and furniture. This outcome is in line with the classification of ICT-using and producing manufacturing industries prepared by Van Ark et al. (2002) . The above listed manufacturing industries are all classified as less-intensive ICT-using industries. Moreover, 5 Number of employees is used as the size criterion. Establishments employing fewer than 50 people are classified as ''smallsized enterprise" and establishments employing more than 50 and lower than 250 people are classified as "medium-sized enterprise''. "Large-scale enterprises" (LSE) employ 250 or more people. the share of ICT capital in total capital is high in the manufacture of motor vehicles, trailers and semi-trailers, wood and products of wood and paper and paper products subsectors with an average of 67 percent. The highest share of non-ICT capital in total capital is attained in the manufacture of chemicals and chemical products subsector with an average of 62 percent.
The Impact of ICT on Output Growth and Productivity
This section examines the impact of ICT on output and labor productivity in Turkish manufacturing industry by using firm level data over the period 2003-2012. We consider both growth accounting and regression-based approaches in our analysis below.
1. Impact of ICT on Output Growth: A Growth Accounting Approach
The most direct way to model the impact of ICT on growth is to distinguish capital into two sub- 
where Q is output/value added, A is technology, K is capital, and L is labor, and i and t denote firm and time respectively. Assuming that there are two types of capital: ICT (K
I
) and non-ICT capital (K N ), and there is constant returns to scale (see Jorgenson et al., 1987; O'Mahony and Vecchi, 2005 and Schreyer, 2000) . Letting lower-case letters denote logarithms, output growth can be decomposed into four components: contribution of TFP, labor input, non-ICT capital and ICT capital inputs.
where is the share of labor in value added and and , ( + 
2. Impact of ICT on Output Growth: Findings from Growth Accounting
The findings on the impact of ICT capital on output growth based on the equation ( Moreover, manufacture of tobacco products (120) sector exhibited the highest gain in ICT capital growth (8%) per annum.
[ Figure 2 about here]
The contribution of ICT capital to value added growth is larger than the contribution of non-ICT capital in some sectors that are less-intensive ICT using manufacturing industries such as manufacture of tobacco (120), textiles (13), products of wood cork, straw and plaiting materials (162), paper and paper products (17), chemicals (especially paint (203) and explosives (205) The manufacture of jewelry, bijouterie and related articles (321) and manufacture of tobacco products (120) are the fastest growing sectors in Turkey through decomposition of value added growth. When we evaluate the contribution of factor inputs to productivity by distinguishing between ICT and non-ICT capital, both of the above listed sectors together with manufacture of products of wood, cork, straw and plaiting materials (162) and manufacture of pharmaceutical preparations (212) display a high average value added growth/year.
The contribution of non-ICT capital to productivity is higher than the contribution of ICT capital in manufacture of pharmaceutical preparations (212) and jewelry, bijouterie and related articles (321) sectors. In manufacture of tobacco products (120) and products of wood, cork, straw and plaiting materials (162) sectors, ICT capital accumulation is higher than the non-ICT capital accumulation. Finally, the contribution of non-ICT capital to value added growth was found to be negative and higher than ICT capital in the manufacture of military fighting vehicles (304) sector.
It is hard to say that ICT capital accumulation has a significant role in the improvement of value added growth in Turkish manufacturing industry. The growth rate of value added in Turkish manufacturing industry was mainly triggered by factors other than ICT capital accumulation. There are some sectors where the impact of ICT capital accumulation is higher than that of the other sectors in the average. These positive and significant contributions of ICT capital are attained in manufacture of tobacco (120), manufacture products of wood cork, straw and plaiting materials (162), manufacture of general purpose machinery (281) and installation of industrial machinery and equipment (332). The highest rate for ICT capital contribution to productivity growth is in manufacture of tobacco products (120) with 8% growth rate per annum.
3. Modeling the Impact of ICT on Productivity: An Econometric Approach
There are several problems with growth accounting methodology or index number methods. In particular, they describe productivity patterns but do not provide a model in which to evaluate or interpret causal connections between changes in inputs. With constant returns to scale, typical growth accounting methods measure the contribution of ICT capital to productivity growth by its expenditure share in production. In addition, in the presence of externalities related to factors such as knowledge spillovers from human capital, the contribution of these factors to the productivity is said to be underestimated because they will be included in the residual (Sianesi and Van Reenen (2003) . Finally, the typical growth accounting paradigm is a static long-run equilibrium not taking the adjustment costs into account (Van Reenen et al., 2010 ).
An alternative that can address this issue is an econometric model and we use such an alternative in our analysis below to explore the impact of ICT on labor productivity. In order to check for the impact of ICT on output growth, we begin with the Cobb-Douglas production function specification:
Labeling the disaggregated capital input as ICT (K
I
) and non-ICT capital (K N ) equation (4) 
Dividing the equation (5) by labor will yield labor productivity:
One of the main generic issues related to the estimation of productivity specifications is the problem of unobserved heterogeneity due to the fact that there are many other factors associated with productivity that we cannot observe and measure. The idiosyncratic characteristics about the management of each firm-the skill of the managers, specific know-how, corporate culture, and the capacity to acquire intangible resources-could have a significant influence on productivity (Badescua and Garces-Ayerbe, 2009: 125) . Unobserved firm specific factors positively associated with ICT capital, like those for firms with innovative ability that are likely to invest more in ICT, will cause the coefficient to be biased upward (Van Reenen et al., 2010) . Fixed effects may address in part the unobserved heterogeneity (these can be viewed as instrumental variables) but the endogeneity of input decisions also suggests an IV procedure. The inputs used in the production are chosen by firms and may not be exogenous. In economic terms this means that inputs cannot be chosen in reaction to productivity shocks that is not likely to hold in practice ( Van Beveren, 2012: 106) . The techniques for dealing with this latter issue utilize instruments that are based on the lagged values of the dependent and independent variables (see for a detailed discussion, Bond, 1998 and 2000; Olley and Pakes, 1996) . We will employ those instruments using generalized methods of moments (GMM) method to deal with the endogeneity problem.
Specifically, after first-differencing the production function to address the potential fixed effects, we use lagged levels of inputs as instruments for changes in the inputs (Wooldridge, 2009).
The formal specification of the GMM model to be estimated is thus modified to:
Note that Equation (7) may also be transformed to reflect the impact of ICT on labor productivity (LP) by dividing by the labor input:
The estimated value of will give the impact of ICT on output growth in equation (8) and on labor productivity in equation (8). This coefficient indeed is the elasticity of productivity with respect to ICT-capital. We expect this coefficient to be statistically significant and higher than that of non-ICT capital coefficient . Table 2 summarizes the data for the entire sample and for each size and technology intensity group individually. The dependent variable estimated in the model is labor productivity in logarithmic form. The mean value of labor productivity is the highest in high-tech manufacturing firms.
The Impact of ICT on Productivity: Estimation Results
Moreover, large-scale firms also have the highest mean value compared to all other size classifications. The mean values for ICT and non-ICT capital also become higher as firms get larger in scale and have a higher technological intensity.
[ Table 2 about here] Table 3 demonstrates the impact of ICT on productivity for all firms in the sample by different estimation methods. The first model used in order to evaluate the impact of ICT on labor productivity specifies the firm-specific heterogeneity as uncorrelated random effects. . The estimated coefficient of ICT capital is significant and positively related with labor productivity.
Moreover, while there is a significant and positive estimated relationship between productivity and ICT and non-ICT capital, the results show that the coefficient of ICT capital is close to that of non-ICT capital. This implies that ICT capital is as productive as conventional capital. We also test for random effects by using Breusch-Pagan Lagrange multiplier (LM) test. We reject the null hypothesis that variances across entities are zero hence there is significant difference across units (i.e. panel effect).
The second estimation method that is utilized for evaluation of the ICT impact on productivity specifies the firm specific heterogeneity as correlated random effects with the effects correlated with all of the mean values of the regressors, i.e., heterogeneity is treated by classical "fixed effects". There is a significant and positive estimated relationship between productivity and ICT and non-ICT capital. Moreover, the results show that the coefficient of ICT capital is larger than that of non-ICT capital indicating that ICT capital is more productive.
The last estimation method is two-step GMM two-step, wherein we investigate heterogeneity in the adjustment dynamics among different types of firms. Instruments for the differenced equation
include the lagged values of labor productivity and capital and labor inputs. Lagged labor productivity is significant and positively related with productivity, validating the importance of adjustment dynamics in the model. Both ICT capital and non-ICT capital are inducing labor productivity. But the magnitude of the effect of ICT capital is smaller than that of non-ICT capital.
Regarding the test for autocorrelation, the estimated models present no significant evidence of serial correlation in the first-differenced errors at order 2.
[ Table 3 about here]
Another worthwhile exercise will be to analyze the impact of ICT on productivity according to different size and technology intensity classes, since in the descriptive analysis we find that the ICT capital structure improves with size and technology intensity of firms. Table 4 demonstrates the impact of ICT on productivity by different size classes. We also employ all three estimation methods previously used in Table 3 . The estimated coefficient of ICT capital is significant and positively related with labor productivity regardless of size classes. The ICT capital is as productive as conventional capital in small sized firms. The only larger impact of ICT capital compared to non-ICT capital is attained in small sized firms with the fixed effects estimator. The magnitude of coefficient for non-ICT capital becomes larger in medium size firms in GMM estimation. Table 5 demonstrates the impact of ICT on productivity by different technology intensity classes. The table demonstrates the estimation results for fixed effects, random effects and GMM estimation methods. The estimated coefficient of ICT capital is significant and positively related with labor productivity regardless of technology intensity classes. The ICT capital is more productive than conventional capital in low-tech firms for both random and fixed effects estimators.
The only larger impact of ICT capital compared to non-ICT capital is attained in high-tech firms with the fixed effects estimator. The magnitude of the coefficient for ICT capital is also larger than that of non-ICT capital in high-tech firms when we employ a dynamic model specification that utilizes lagged labor productivity.
[ Table 4 about here]
[ Table 5 about here]
Conclusion and Policy Implications
This study examines the dynamics and sources of value added and productivity growth in Turkish manufacturing industry using firm level data. The analysis is based on the firm level data obtained from TURKSTAT (2015) that provides significant evidences for Turkish manufacturing industry in 2000s. This study is the first attempt in quantifying the difference between ICT and conventional capital's contribution to Turkish output growth by using growth accounting methodology, and to estimate the impact of ICT on labor productivity using both static (fixed-effects) and dynamic panel data model. Moreover, the possible differences in the impact of ICT capital on productivity are evaluated for the firms with different size and technology intensity. (231)), other fabricated metal products (259), manufacture of general purpose machinery (281), manufacture of parts and accessories for motor vehicles (293) and installation of industrial machinery and equipment (332). Moreover, the higher contribution of ICT capital to output growth is attained in less-intensive ICT using sectors. Moreover, the above stated sectors classified as medium technology intensive sectors (except manufacture of textiles, products of wood cork, straw and plaiting materials and paper and paper products).
Our findings based on both static and dynamic panel data models, on the other hand, show that ICT capital is more productivity enhancing than conventional capital. The contribution of ICT capital to labor productivity in Turkish manufacturing industry is larger about 25% to 50% than that of conventional capital. This contribution of ICT capital is higher than that of non-ICT capital for small sized and low-tech firms.
The results of growth accounting and econometric estimations do not lead to the same conclusion that investing more in ICT capital enhances productivity growth. The reason rests with the interpretation of the two approaches. First is that ICT capital accumulation does not increase the growth of output directly but increases the productivity of labor. Therefore we found higher impact of ICT capital accumulation on labor productivity growth but not on value added growth.
Second is that while growth accounting may capture some of the direct effects of ICT resulting from ICT capital deepening and TFP increase in ICT producing sector, it's unable to quantify the indirect effects of ICT such as productivity enhancement in ICT using industries due to investment and diffusion of ICT (Biagi, 2013) .
This research concludes that ICT capital is more productive than conventional capital. This leads to the policy suggestion that encouraging the firms to invest and use more ICT intensive capital may bring about further productivity gains. The question here is how to encourage the firms to invest and use ICT capital. We argue, in this study, that there might be some roles for public policies to support investment in ICT. These policies may include supporting R&D in the ICT producing sector, promoting use of ICT in ICT using sector, direct public investment in ICT, and subsidies that regulates price of ICT. 
